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Abstract 

Personal identification is difficult if only body parts are found, like foot or hand. Foot length 

(FL) and hand length (HL) can be used for BH estimation. This study aimed for estimating BH 

using FL or HL, in Dayak Bukit (DBT), Dayak Ngaju (DNT) and Banjar Hulu Tribes (BHT). It 

was a cross-sectional study on 114 women chosen with purposive sampling. The correlations 

between FL and HL with BH were assessed with person correlation and linear regression tests. 

Correlation coefficients between right and left FL with BH were 0.843 and 0.883 (DBT), 0.733 

and 0.709 (DNT), 0.741 and 0.745 (BHT). Correlation coefficients between right and left HL 

with BH were 0.888 and 0.869 (DBT), 0.722 and 0.638(DNT), 0.658 and 0.660 (BHT). Linear 

regression formulas were developed to describe the relationship between right and left FL and 

HL with BH of each tribe. There is a very strong correlation between FL and HL with BH of 

DBT and a strong correlation between FL and HL with BH of DNT and BHT. Regression 

formulas were developed to predict person’s BH using FL or HL which is useful in identifying 

DBT, DNT, and BHT populations. 
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1. INTRODUCTION 

Indonesia is an archipelagic of various tribes. The number of tribes in Indonesia is more than 

1.300 and the total population is 237,556,363 inhabitants. Indonesian population is spread on the 

islands of Sumatra, Kalimantan, Jawa, Sulawesi, and Papua [1,2]. 

Geographically, Indonesia is at the crossing of four tectonic plates, namely the Asian 

Continent, the Australian Continent, the Pacific Ocean, and the Indian Ocean. At the southern 

and eastern parts of Indonesia there is a volcanic belt in the form of old volcanic mountains, 

mountains is in the form of lowlands, dominated by swamps. This characteristic causes 

Indonesia to be potentially susceptible to disaster such as landslides, volcanoes, tsunamis, 

earthquakes, and flood [3]. 



South Kalimantan is one of the provinces in the island of Kalimantan that has a 

population of various tribes. The population living in the South Kalimantan region is 

dominated by Banjar and Dayak tribes, in addition to Javanese, Bugis, Madurase and other 

tribes. South Kalimantan has several areas prone to disasters, such as landslides, tornados, 

forest and land fires, flood, drought, and tidal waves. The disasters can be caused by several 

factors such as geographical, geological, and climatic conditions [2,4]. 

Identification is body height (BH). In principle, the length of the human foot and hand 

bones proportional to BH, so that the determination of BH can be done using a regression 

formula. Regression formulas for BH usually show patterns that tend to persist in 

populations that share a common ancestor. If at one point only one body part is found on the 

scene, such as parts of the foot or hand, then BH can be estimated using the BH estimation 

formula based on the body parts found [5,6,7,8]. Many studies on the correlation of foot 

length (FL) and hand length (HL) with BH have been done before. Research in Gujarat has 

found a strong correlation between FL and BH. Research on the correlation of HL with BH 

result in a strong correlation [9,10,11,12,13,14,15,16,17,18]. 

There is a lack of studies on FL, HL and BH in tribes who are indigenous people of South 

Kalimantan, so it is important to conduct research on the correlation of FL and HL with BH 

in adult women of Dayak Bukit tribe (DBT), Dayak Nagaju tribe (DNT), and Banjar Hulu 

tribe (BHT). This study aimed to determine: 1. the differences in the average size of FL, HL, 

BH in adult women from DBT, DNT, BHT; 2. The correlation between FL and HL with BH 

in adult women from DBT, DNT, and BHT; and 3. A regression formula that can estimate 

BH using FL or HL in the three tribes studied. 

 

2. RESEARCH METHODS 

This study was an observational study with cross-sectional approach. The sampling 

technique used was purposive sampling method with a sample of 38 adult women from DBT, 

DNT, and BHT aged 20-14 years, did not have growth hormone abnormalities, spinal 

abnormalities, congenital abnormalities, surgical history and history of bone fractures 

affecting Fl, HL, and BH. 

The measuring instruments used in study were microtoa to measure BH and a ruler for 

measuring FL and HL and BH was measured from the tip of the head to heel in an upright 

position, standing barefoot on a flat surface, with the eel, buttocks, and back attached to the 

wall and the head positioned in the horizontal plane. 

Foot length (FL) was measured from os. Calcaneus to the first phalanx (hallux) or second 

phalanx (digitus secundus) a sitting position on a floor with one foot measured was adhered 

against the wall or in adors-iflexion position. Hand length (HL) was measure by marking the 



distal flexion of the wrist and then placing it on the paper in a flat plane with a position of 

90. The marking was also made for the distal end of the middle finger. 

Data analysis used in this study was ANOVA test to determine differences in the average 

size of BH, FL, and HL from the three tribes studied. Pearson correlation test to determine 

the correlation coefficient and linear regression test to determine BH estimation formula 

based on FL and HL. 

 

3. RESULT AND DISCUSSION 

The results of measurements of BH, FL, and HL of the research subject are shown in 

table 1-2. 

Table 1 shows that the average  BH of DNT adult women has higher than that of BHT 

and DBT adult women. The average FL of DNT women was longer than that of BHT and 

DBT women. Geographical conditions can influence this difference in results. DBT 

population inhabits mountainous areas, DNT populations inhabit the surrounding of waterbed 

area, while BHT or Banjar Pahuluan tribe population inhabit the river valley are which river 

has its roots on the Meratus Mountains. Significant differences in geographical conditions 

may have an influence on the typical pattern of individual phenotypes, including ethnic 

populations in Kalimantan. Each tribal population has diverse characteristics [19, 20, 21, 22]. 

Table 1. BH and FL of the research Subjects. 

Tribe Mean ±standard Deviation (cm) 

BH Right FL Left FL 

DBT 146.46±4.61 21.18±0.99 21.21±1.00 

DNT 149.94±5.26 22.03±1.09 22.01±1.11 

BHT 148.17±4.04 21.77±0.89 21.74±0.92 

 

Table 2. BH and HL of The Research Subjects. 

Tribe Mean ±standard Deviation (cm) 

BH Right HL Left HL 

DBT 146.86±4.83 16.73±0.87 16.96±086 

DNT 149.67±5.54 17.15±0.94 17.15±0.84 

BHT 148.85±4.62 16.98±0.63 17.02±0.66 

 

Table 2 shows that the average BH of DNT women was higher than that of BHT and 

DBT women. The average right HL of the BHT women was longer than that of the DBT 



women. The average left HL of the DNT women was longer than that of BHT women, and 

the average left HL of BHT women was longer than that of DBT women. 

According to Kanchan (2008), the amount of pressure and strain on the dominant side 

during the growth period causes differences in the right and left sides of the limbs. This 

asymmetric skeletal mechanism will be more significant in the upper extremity compared 

with the lower extremity. This is because the upper limb joint is more exposed to mechanical 

loads and is more commonly used with the dominant side than the lower exterminates 

associated with bipedal motion in humans so that the lower extremity will experience almost 

the same mechanical load on both sides. 

Getha’s research (2015) showed that there was no significant difference between right 

and left FL. In research by Kornieieva (2016), it was shown that there was no significant 

difference between right and left HL. However, a research by Khan (2017) found that there 

was a significant difference between right and left HL [23, 24, 25, 26]. The difference 

between right and left HL may be caused by the dominance of hand use. But in Barut’s study 

(2009) there was no significant difference in the dominance of hand use between right and left 

HL [27, 28]. 

Normality test results (Shapiro-Wilk test) of the BH, FL and HL, values showed normally 

distributes data. Homogeneity test showed homogeneous data (p>0.05). The ANOVA test was 

conducted to determine whether there were significant differences in the size of BH, FL and 

HL of the three tribes studied. The result of AMOVA test showed that the average values of 

BH and FL in DBT, DNT and  BHT women were significantly different (p>0.05). 

This situation may be caused by the geographical conditions of the areas inhabited by 

these tribes, namely, the river banks and the Meratus highlands. The DBT populations inhabit 

the hill and mountains of Meratus, the BHT population live in the valley of the river flowing 

from Meratus Mountains, while the DNT population occupies the riverbed surroundings of 

Kapuas, Kahayan and Banjarmasin Rivers [20,21,19]. The average BH values I of DBT and 

DNT were significantly different. The difference in the average BH values in DBT and DNT 

women can be influenced by geographical conditions as described above. Meanwhile, the 

average BH values of DNT and BHT women were not significantly different, because they 

have similar geographical conditions, namely valley and river banks. In populations that are 

far apart geographically, the gene pools are different. The difference in body proportions can 

be influenced by differences in pool genes, differences in environment and the interaction of 

both. In addition, this difference is also influenced by genetics, ethnicity/race, and nutrion [20, 

29,30,31,31]. Another study conducted by Numan (2013) compared three large ethnic groups 

in Nigeria (Hausa, Igbo, and Yorruba). There was a statistically significant difference between 

the BH of Hausa and Yoruba ethnicities, and between Igbo and Yoruba ethnicities. The 

difference of BH values between Hausa and Igbo ethnicities was not significant [33]. 



ANOVA test result showed that HL values of DBT, DNT, and BHT women were not 

significantly different (p> 0.05). This is accordance with Numan’s research (2013) in Nigeria 

and Rastogi’s research (2008) which showed that HL values were not significantly different 

between populations of northern and southern India. Other studies have shown significant 

difference between Indian and eastern Indian groups, and between eastern Indian and 

European groups, but there was no significant difference Indian and European groups 

][33,34,35]. 

Linearity test was conducted to determine whether the variables had a linear relationship 

or not, as well as a requirement to perform a linear regression test. The results obtained are 

illustrated in figure 1-6. Figure 1-6 showed that the relationships between right and left FL 

and HL with BH ion DBT, DNT and BHT women were linear. Since the data were normally 

distributed and linear, the data was analyzed with Pearson correlation test. Pearson test results 

are shown in Table 3. 

Table 3. Pearson Test Results. 

Measurement N Correlation 

Coefficient 

(r) 

p-Value 

Right FL with BH of DBT women 38 0.843 0.000 

Left FL with BH of DBT women 38 0.883 0.000 

Right FL with BH of DNT women 38 0.733 0.000 

Left FL with BH of DNT women 38 0.709 0.000 

Right FL with BH of BHT women 38 0.741 0.000 

Left FL with BH of BHT women 38 0.745 0.000 

Right HL with BH of DBT women 38 0.888 0.000 

Left HL with BH of DBT women 38 0.869 0.000 

Right HL with BH of DNT women 38 0.722 0.000 

Left HL with BH of DNT women 38 0.638 0.000 

Right HL with BH of BHT women 38 0.658 0.000 

Left HL with BH of BHT women 38 0.660 0.000 

 

It is shown in Table 3. That the correlation between FL and HL with BH in DBT, DNT, 

and BHT women had a p-value <0.05 which means that there was a significant correlation 

between FL and HL with BH. The value of r in DNT and BHT women showed a strong 

correlation with a positive direction, while the value of r in the DBT population showed a 

powerful correlation with a positive direction. This states that the longer the foot size, the higher 

the body height of a person. The results of this study are in accordance with the concept of bone 

algometry which states that all elements of body extremity show a positive algometry scale with 

human BH [36]. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Next, a regression test was performed to determine the formula that describes the 

relationship between right and left FL and HL with BH in each tribe. Regression test in this study 

used linear regression test and the formula obtained can be seen in Table 4. 

Table 4. BH Estimation Formula 

No  Formula (Y=a+bx) 

1 BHDBT =  63.338 + 3.925 x Right FL of DBT women 

2 BHDBT =  60.289 + 4.064 x Left FL of DBT women 

3 BHDNT = 72.075 + 3.534 x Right FL of DNT women 

4 BHDNT = 76.151 + 3.352 x Left FL of DNT women 

5 BHBHT = 75.225 + 3.351 x Right FL of BHT women 

6 BHBHT = 76.883 + 3.280 x Left FL of BHT women 

7 BHDBT = 64.331 + 4.933 x Right HL of DBT women 

8 BHDBT = 64.004 + 4.882 x Left HL of DBT women 

9 BHDNT = 78.161 + 4.170 x Right HL of DNT women 

10 BHDNT = 78.614 + 4.144 x Left HL of DNT women 

11 BHBHT = 67.075 + 4.815 x Right HL of BHT women 

12 BHBHT = 70.369 + 4.611 x Left L of BHT women 

 

The feasibility of the regression formula obtained can be assessed from the ANOVA 

output. In ANOVA output, the regression formula was said to be feasible if the value oh p is 

<0.05. In this study, the p-Value obtained from the ANOVA output was 0.000, which means that 

the regression formula obtained was feasible to use. 

Research on the correlation between FL and BH was previously carried out by Ragavan 

and Chandran (2015) in adults in Chennai. The study was conducted on 308 women with the 

result of r = 0.686 for right FL and r = 0.665 for left FL, which means that the correlations 

obtained was strong with a positive direction [37]. The difference in the results of the strength of 

the correlation in this study with previous studies may be caused by the differences in age of the 

research subjects. In this study, research subjects aged 20-40 years. In this age range, BH that 

can be reached by individuals is maximal. This is because bone growth stops at the age 20 years 

and BH decline begins at age 40 [38, 39]. In the research conducted by Ragavan and Chandran 

(2015), the subject aged 18-59 years. At the age of 18 the years, bone growth is not at its 

maximum level; and at the age of 59, there has been a decrease in BH. 

The difference in correlation results may also by racial differences. In this study, the 

research subjects were from a Mongloid race, while in Ragavan and Chandran study (2015), the 

subject were Caucasoid. The Caucasoid race has a higher stature than the Mongloid race [21]. 

This can be seen from the results of Ragavan and Chandran’s study (2015), the BH range was 

from 139.6 cm to 178.0 cm, whereas in this study the BH range was 138.20 cm to 161.50 cm. 



The results of this study are in line with Laila’s study (2009) in Bengali with female 

subjects aged 20-23 years. In this study, the r = 0.68 which showed a strong correlation between 

HL and BH in a positive direction [17]. The results of Patel’s study (2014) in Gujarat with 

subjects aged 18-22 years showed a slightly different study results from ours. In this study, it was 

found that r = 0.54 for women subjects, which indicates a moderate correlation. The difference in 

the strength of the correlation may be due to different sampling. At the age before 20 years, the 

bone growth has not experienced maximum growth [15]. 

Regression formula obtained in this study can only be used to estimate the BH from FL 

and HL in specific terms, namely for DBT, DNT and BHT population in Kalimantan region. 

This is consistent with the Duyar research (2010) that suggested that regression formula 

produces accurate results in specific populations [40]. 

4. CONCLUSIONS 

Based on the results of this study, it can be concluded that: 

1) There are significant differences in the average body height and foot length values of adult 

women from Dayak Bukit, Dayak Ngaju and Banjar Hulu tribes. 

2) There is no significant difference in the average hand length values of adult women from 

Dayak Bukit, Dayak Ngaju and Banjar Hulu tribes. 

3) There is a very strong correlation between the foot length and hand length with the body 

height of Dayak Bukit Tribe women with a positive correlation direction. 

4) There is a strong correlation between the foot length and hand length with the body height 

of Dayak Ngaju Tribe women with a positive correlation direction. 

5) There is a strong correlation between the foot length and hand length with the body height 

of Banjar Hulu Tribe women with a positive correlation direction. 

6) This study obtained regression formulas for estimating a person’s body height using the 

foot length or hand length values, which are useful for personal identification in mass 

disasters. These regression formulas can only be uses in specific populations, namely 

Dayak Bukit Tribe, Dayak Ngaju Tribe, and Banjar Hulu Tribe. 

 

5. LIST OF ABBERVIATIONS 

1) BH = Body Height 

2) FL = Foot Length  

3) HL = Hand Length  

4) DBT = Dayak Bukit Tribe 

5) DNT = Dayak Ngaju Tribe 

6) BHT = Banjar Hulu Tribe 
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